INTRODUCTION
Initial impetus for this special feature came from discussions during the Place and Purpose Symposium held in Adelaide in December 2009 as part of the Surveying and Spatial Sciences Institute Biennial Conference. The theme for several sessions at the Symposium was "Applying Landscape Science to Natural Resource Management", convened by Professor Wayne Meyer, Director of the Landscape Futures Program at the University of Adelaide, and organized on behalf of the South Australian Landscape Science Cluster. The Symposium featured two days of presentations, the first day being designed to highlight the context, experiences, and new developments in tools and processes being applied in regions around Australia. This featured the application of remote sensing to assist planning and monitoring in regions. The second day brought national and international perspectives to the developing science of integrated landscape management, complemented by presentations on new technical developments and tools that can be applied to better plan and manage complex regional systems.
The rationale was to include presentations focusing on the research and implementation challenges for changing land uses in regional social-ecological systems. The broad aim of the research being addressed was to achieve a better and more renewable balance between commercial production and conservation of native ecosystems in Australia. Hence this aim similarly underpins the papers in this special feature, namely the tension that exists between production and conservation, especially (but not exclusively) in regions where land use is dominated by agricultural production. It is essentially within this agricultural setting that all the major issues of ecology and society considered herewith are being expressed.
The basic objective of the various papers in this feature is to examine the interconnections between the environment, the social setting and resultant tensions in considering how changes to land use can achieve multiple benefits. Therefore the papers bring together management, policy, and societal issues which must be understood to enable different land users, locales, and regions to adapt to a myriad of future challenges. In particular, research in this area is focusing on development of integrated assessment methods and new methodologies to help conceptualize and represent the land use system. These advances in research include work on vulnerability assessments for different scenarios, landholder attitudes towards land use change, and policy development implications of various changes. This is research which engages directly with the interests of rural society by identifying processes and actions to assist communities in adapting to the growing pressures of increasing population and limited resource availability at a variety of spatial scales set alongside changing societal expectations. It is an extremely challenging interplay between biophysical, societal, and policy elements seen in this feature through the lens of a series of examples drawn primarily from the Australian context where the effects of persistent drought across large parts of the country raise questions of the longterm viability of small communities and production systems. Given this Australian context the research has also examined the increasing efforts to involve traditional land owners in land management within a delicate socio-cultural Indigenous context.
LANDSCAPE SCIENCE
In recent years the term "landscape science" has been employed to refer to research that seeks to understand the relationship between people and their environment, with a focus on land use change and data pertaining to land resources at the landscape scale. It has its origins in different branches of academia, including the natural sciences (in the form of landscape ecology) (Wiens et al. 2007) , the human sciences (through human geography and human ecology) (Steiner 2008) , and humanistic and symbolic approaches to landscape (Cosgrove and Daniels 1988) . It deals with the understanding http://www.ecologyandsociety.org/vol18/iss1/art32/ of relevant structures, processes and their states and drivers primarily in terms of anthropogenic uses of landscapes. Therefore landscape science can be regarded as a metadiscipline, which has evolved from the synergistic application of theories, methods and knowledge of several scientific disciplines being applied to study landscapes, including agricultural science, forestry science, conservation science, geoscience, biology, the social sciences, engineering sciences, and mathematics. This content is closely related to that of "land system science", which also refers to "an interdisciplinary field [that] seeks to understand the dynamics of land cover and land use as a coupled human-environment system to address theory, concepts, models, and applications relevant to environmental and societal problems, including the intersection of the two" (Turner II et al. 2007, p. 20666) . In assessing the prospects for the future development of land system and landscape science, Rounsevell et al. (2012) refer to the challenge posed by the multi-and interdisciplinary nature of much of this research, which seeks to bridge the nature-society divide (Bloemers et al. 2010) . Hence, researchers need to consider the behavior of people and communities, multilevel decision-making affecting multifaceted land units, and the contexts within which decisions are made and in which the land itself exists (Lambin et al. 2006) .
Empirical analysis of land use change has been a common approach often focusing on particular problems associated with human-environment interactions, including changing land-use practices and associated changes in land cover (e.g., deforestation), responses to climate change and impacts of various environmental changes on agriculture, forestry, biomass production, and ecosystem functioning (e.g., Haberl et al. 2001 , Mooney et al. 2009 ). These analyses are often accompanied by the application of modeling land system dynamics, generally involving structural analysis of complex interactions within the land system. Models have been used to explore the behavior of systems, to make ex-ante assessments of policies, inputs to the planning process, and scenario creation (e.g., Matthews et al. 2007 , Rounsevell et al. 2006 , van Ittersum et al. 2008 . Rounsevell et al. (2012) argue that new models will be needed that go beyond single sector foci to capture the complexity of human-environmental interactions across different scales (e.g., Gaube et al. 2009 ). However, there are various modeling strategies that can be adapted to meet this challenge, including economic models (e.g., Lee et al. 2005) , models integrating socio-economic and environmental processes (Leimbach et al. 2012) , and agentbased modeling for simulating complex decision-making (for example, Murray-Rust et al. 2011) .
In seeking to understand recent developments in landscape science and the content of this feature, lessons can be learnt from the four-year program of the Australian Government's Commonwealth Environmental Research Facilities program, launched in 2005 (see also Pedroli et al. [2006] for a European perspective). This funded eight research hubs in its first round, one of which, Landscape Logic, features in the book of the same title by Lefroy et al. (2012) . Its subtitle "Integrating science for landscape management" hints at the overall concern of the program and its hubs, namely to bring together understanding about landscape from various perspectives and disciplines, capturing multifaceted knowledge of places, processes and people as a basis for management. The starting point for this work is the assembly of data, both quantitative and qualitative, with which to understand the complex, nonlinear processes that frequently produce systems operating at or understandable at a landscape scale. However, an ongoing problem, also highlighted frequently in studies on climate change, is "the lack of long-term data capable of showing the state of the environment and the direction in which it is heading" (p. 3). Hence despite the frequent availability of data in various forms, interpretation and analysis must necessarily involve innovative ways of combating the different forms, including surrogates for historic and prehistoric changes, and modeling that can both provide estimates for missing data and generate management scenarios.
The Landscape Logic project focused on knowledge discovery, integration and broking, the latter intending to generate desirable management outcomes, explicitly involving the knowledge possessed by landholders and managers in addition to that from scientists and stakeholders in industry and government. It is worth repeating the five basic components within the project's systems thinking because
Ecology and Society 18(1): 32 http://www.ecologyandsociety.org/vol18/iss1/art32/ these are dominant in the papers in this special feature of Ecology and Society:
q Research involves clearly defined, measurable, and widely accepted end points, including both environmental and socio-economic goals.
q The system boundaries are large enough to incorporate the major factors whilst not attempting to encompass all external devices.
q Research articulates each of the major influences acting on the variables of interest.
q It identifies major factors providing appropriate or sufficient measurement of the effect of one major variable on another.
q Data collection is at sufficient spatial and temporal resolution to test relationships.
Landscape science and natural resource management in Australia
This feature comprises nine papers that apply landscape science to natural resource management (NRM) in Australia, where the term NRM generally refers to a particular set of natural resources rather than the entire spectrum, and in particular it has been applied to management associated with agriculture and protected areas, rather than other industries such as mining. This term's usage has its roots in the late 19 th century in North America in concerns with understanding the ecological nature of the rangelands, and the growth of a conservation movement at that time (Conacher 1986 ). In most other Developed Countries the term agri-environment programs or policies has been employed more frequently than NRM, though the two terms are often used synonymously. The focus of NRM on agriculture also reflects agriculture's significant economic role in Australia: it contributes 20 per cent of the country's exports by value; it consumes 70 per cent of the water; and it accounts for around three-quarters of the land resources (Aplin 1998). Enough food is produced to feed 55 to 60 million people in a country whose population is only just over 20 million. Farmers, graziers, Indigenous communities, and other private land managers producing food and fiber manage approximately 77 per cent of the land area.
The papers herewith provide good exemplars of the current range of work applying landscape science to NRM in Australia, and highlight some of the specific problems encountered within the Australian context. Two aspects are dominant: the development of methods that can combine "hard" scientific data with input of a qualitative nature from landholders, land managers and other community stakeholders; and the use of a variety of models to aid both an understanding of how landscapes can be managed and to develop management scenarios that can take account of environmental change. The papers start with those that emphasize the need to mesh hard and soft data, and then subsequently concentrate on use of various models and scenario development.
Involving stakeholders
Landscape scientists generally work closely with individual land managers, rural communities, groups, and individuals who have a role to play in managing the environment. Yet the knowledge possessed by these stakeholders is not always highly regarded by either researchers or policy makers. In an examination of different environmental management projects that aimed to integrate knowledge from different sources, Raymond et al. (2010) concluded that integration of stakeholder knowledge was inherently complex, usually dealt with in arbitrary fashion and with a variety of knowledge integration perspectives employed by different researchers. They and others have concluded that Western paradigms and systems of knowledge are not readily able to deal with the full complexity of environmental management, nor sufficiently able to integrate local stakeholder perspectives in the development of environmental management strategies (Ludwig et al. 2001, Olsson and Folke 2001 ).
Yet widespread recognition of this problem has led to development of new approaches to environmental management, under various different guises, such as community-based NRM (Robinson 2008) , sustainability science (Clark and Dickson 2003) , and adaptive comanagement (Armitage et al. 2009 , Berkes 2009 ). These approaches all share certain characteristics (Raymond et al. 2010) . They recognize the need to integrate knowledge held by academic researchers (often across traditional academic disciplinary boundaries) and nonacademic participants; they highlight the need to build on different (and sometimes disparate) bodies of knowledge to address a research or applied question by developing shared theory, methods and new knowledge to promote common understanding of environmental management problems; they often utilize participatory research methods and seek to facilitate participatory, multilevel governance processes to both enhance the validity of knowledge elicited in research and to increase inclusiveness of stakeholders in decision-making; they follow iterative processes of knowledge creation, application, reflection, learning and feedback to science or decision-making; and they attempt to integrate knowledge across a variety of spatial and temporal scales. These characteristics are all present in various ways in the first four papers in this issue and have become an integral component of landscape science.
Hatton MacDonnald et al. (2013) focus on input to NRM from community stakeholders. Given the variety of individuals and organizations within a community that may have views on NRM or who have the capacity to influence decision-making on resource management issues, it is vital to understand the http://www.ecologyandsociety.org/vol18/iss1/art32/ diversity of views represented. Increasingly, both consultation with the community and direct input to decision-making are being mandated in the NRM process by government, as Hatton MacDonnald et al. (2013) illustrate with respect to the operation of NRM boards in South Australia, catchment management authorities and other local environmental management bodies. They note that there is a growing body of work focusing on different aspects of community engagement, including assessments of successful engagement, the nature of participants' approaches, and analysis of particular types of stakeholders (Lengwiler 2008 , Newig et al. 2008 , Reed 2008 . Their contribution to work on this subject is a focus on the values of stakeholders contributing to the South Australian Murray-Darling Basin NRM Board. In particular, they contribute a qualitative methodology aimed at helping policy-makers and scientific advisers to understand the values forming the advice provided by community leaders.
The method adopted involved semistructured in-person interviews with community stakeholders to address what seems like a disarmingly simple question: "What do NRM stakeholders value in the environment?" Reliance on a qualitative methodology highlights the oft-quoted difference between the "hard" scientific information generally relied upon by scientists and policy-makers and the greater use of "soft" qualitative information in the social and behavioral sciences. They used an approach in which values are linked to specific places (Raymond et al. 2009 ), enabling the research team to demonstrate that when a particular ecosystem service directly impacts the viability or enjoyment of the community the more likely the community advisors are to support the management and preservation of that service. However, this also means that some ecosystem services categories can be overlooked. Environmental goals were seen dominantly in the context of a sustainable and active community. Hence, policies viewed as falling outside a group's or individual's ambit tended to be regarded as ones in which they did not have a direct stake and this could affect their advice and input.
Zander's (2013) paper also discusses a participatory process, in this case to manage protected areas in the Northern Territory where responsibility for management is shared between NRM agencies and the Indigenous landowners. Zander focuses on how Indigenous groups can be compensated for providing environmental services. In a sample survey of around 400 respondents across urban Australia, questions were asked about preferences for a set of hypothetical scenarios. These described support for Indigenous NRM that yielded certain environmental and social benefits. Costs for each scenario were indicated that would be borne hypothetically by respondents, but with environmental benefits deemed to accrue to the whole of Australian society. This choice experiment survey draws on the notion of payments for environmental services as have been applied in other parts of Australia (Connor et al. 2008 ) and recommended for Indigenous-held land in northern Australia (Pearson and Gorman 2010) .
In this case the survey focuses on society's willingness to pay and the benefits accruing to society as a whole from Indigenous management. Zander's research found that the majority of respondents were willing to pay for Indigenous NRM. Positive responses were related to the belief that funds accruing would contribute to maintaining a healthy environment (e.g., through the control of feral animals and weeds or the reduction of greenhouse gas emissions), maintaining Indigenous culture or providing Indigenous employment. Yet the survey identified some level of ignorance of the potential social benefits of Indigenous involvement in NRM, as well as of key environmental issues such as the critical role of fire management. This paper also considers issues relating to raising voluntary payments to finance Indigenous NRM and key differences in responses between men and women and northern and southern parts of the country. Overall it represents a baseline survey of public understanding of issues on Indigenous NRM and the potential for implementing publically-funded schemes to support Indigenous NRM. Stacey et al. (2013) examine collaborative ways of measuring the performance of jointly managed protected areas in northern Australia. They propose a new way of measuring and evaluating the effectiveness of joint management approaches between Indigenous owners and NRM agencies in protected areas. The researchers employed a participatory action research approach to monitoring and evaluating joint management. The project involved the joint identification of a set of common performance indicators for evaluation, which emphasizes the importance of social relationships within this particular (Indigenous) NRM context. Common indicators related to the performance in governance and decisionmaking, application and interpretation of cultural heritage and traditional ecological knowledge, expansion of social capital, human and financial resources, and visitors, with little emphasis on the biophysical outcomes of management. The performance indicators were largely process-rather than outcome-oriented, reflecting the need to better integrate Indigenous stakeholders in the management and evaluation process, rather than imposing rigid outcome measures on them. The participatory process itself is seen as important in its own right, and crucial in terms of developing and measuring the indicators.
Raymond and Cleary (2013) present a practical assessment tool that has been used in facilitating community capacity building and social learning for NRM. They view the tool as an example of action-oriented approaches to support social and ecological sustainability, and hence the tool is part of a spectrum that includes participatory action research (as used by Stacey et al. 2013) , adaptive comanagement and community-based NRM (Fabricius 2004, Gonsalves et al. Minkler et al. 2008 , Nelson et al. 2010a . The overall premise of this work is that community participation is crucial in identifying strengths, weaknesses and gaps in NRM capacity, and that both "expert" views and those of practitioners (in this case landholders) need to be included when addressing capacity. The paper also considers limitations of the tool and the research process utilized in this particular example. However, there are various positives and lessons from this work that can be applied in not only an NRM context but also others, including climate change, community development and regional development.
Mendham et al. (2012) focus on one particular set of stakeholders, landholders, in examining the impact of property turnover in parts of rural Victoria, their study areas enabling contrasts to be drawn between districts close to the state capital Melbourne, where in-migration and urban sprawl are occurring, and those further north and west where populations are declining but where large-scale broad acre farming is accompanied by some tourism and conservation of amenity landscapes. The authors consider the challenges posed to NRM by property turnover in their study area. Their research engages with some of the key changes affecting farming across the Developed World, including the high and rising mean age of farmers (Mendham and Curtis 2010) , the falling rate of intergenerational transfer of properties (Barr 2004), and the growing potential for sales of rural property to non-farming members (Lockie et al. 2006) . This is concentrating farmbased production in fewer hands across large areas. Meanwhile, in rural-urban fringes and especially in scenically attractive locales, in-migration is leading to subdivision and substantive restructuring of rural landscapes (Gosnell and Travis 2005, Walford 2003) . In some cases this has involved growth in hobby or part-time farming (e.g., Holloway 2002; Stobbe et al. 2009 ), in others changes to land use and production orientation (Jackson-Smith et al. 2005 ) and a rising proportion of absentee owners or "weekend farms" amongst newcomers. Yet newcomers often have less experience of NRM issues and NRM programs such as Landcare. Such changes are underpinned by differences between traditional landholders and newcomers which are also being manifest in decisions by new land managers generating significant ecological consequences reflecting different attitudes towards conservation, native flora and fauna, and production systems (Raymond et al. 2011 , Waudby et al. 2012 ).
Drawing on a large survey of rural landholders the research by Mendham and colleagues (2012) reveals high levels of property turnover (one quarter of all properties in a ten-year period) representing a dramatic change in the ownership pattern. The new landholders are shown to have different values, knowledge, sources of information, attitudes, and management practices compared with the long-term land managers. Where newcomers purchased property primarily for farming purposes this often resulted in increased investment and decisions taken designed to ensure profitable business and decent return on that investment. However, new owners also tended to look more favorably on management favoring conservation. This cohort of new owners, many of whom are absentees, complicates decision-making regarding land management and may have major implications for NRM. In seeking to understand these implications, landscape scientists need to engage effectively with the newcomers, identifying them through regular reviews of local government ratepayer databases and interviewing them to understand their knowledge, attitudes, and behavior.
One way in which interactions between human agents and the environment have been conceptualized recently has been through the concept of ecosystem services whereby the focus of research is on how natural and seminatural ecosystems provide benefits to people. These benefits were formally categorized in 2005 by the United Nations Millennium Ecosystem Assessment, which recognized four broad categories: provisioning (food and water), regulating (controlling climate and disease), supporting (nutrient cycles, crop pollination), and cultural (recreational and spiritual) (Millennium Ecosystem Assessment 2005) . Research has grown rapidly on these services, in terms of their ecology, measurement, evaluation and economic implications (Kareiva et al. 2011 , McNeeley et al. 2009 , Ninan 2010 . Hence, work on ecosystem services has become a key component of landscape science.
In this collection, one paper deals explicitly with ecosystem services and their recognition by the community. Petter et al. (2013) focus on mapping ecosystem functions as a means of supporting assessments of ecosystem services. In a trial in south-east Queensland they used various elements of biophysical data for 19 different ecosystem functions, mapping each one to provide support for land use and NRM policy and planning. Identification and mapping of the functions were performed with input from stakeholders selected via a steering group, a working group, expert panels, and community workshops, focusing on structure, terminology, and tools. This involvement of the community helped cover different scales of information and also different forms of knowledge across sectors and disciplines. Some of the datasets selected existed already but others had to be compiled by combining pre-existing data. Datasets were overlain in a geographical information systems (GIS) environment and subject to stakeholder peer review to produce a total ecosystem function map. http://www.ecologyandsociety.org/vol18/iss1/art32/ The paper reports on the process of constructing the maps and details key issues arising, including the extent of spatial overlap of datasets, the identification of hotspots of coastal and marine ecosystem functions and the limitations of this approach. Essentially the adopted method aimed to provide information that was sufficiently place-based and credible to meet the needs of the key decision-makers. By producing an iterative process of data collection, analysis, and review, the researchers produced robust data layers that could be used directly as input to government policy for the region. As a method this approach is relatively unsophisticated when compared with some of the modeling used in other papers in this collection, but it can be applied relatively easily in different regions as it identifies the key ingredients required. Moreover, it is nonproscriptive in that stakeholders can apply information to management practices related to their own capacities.
Developing models
Modeling has been a central part of landscape science, generally attempting to capture complex interactions between people and the environment to arrive at information to assist evaluation of policy outcomes or develop new policy prescriptions. Models used in landscape science generally employ physical, mathematical, or numerical approaches to help develop better understanding of existing processes and interactions and to estimate "what if?" scenarios, as in the application of a new policy or land management activity. Provision of environmental data in various forms is central to such models, with decision-makers needing information systems that can integrate large and diverse datasets and also provide tools for analyzing and visualizing key information. This section includes three papers that employ models of different types, all focusing on human-environment interaction but employing different modeling strategies to reach conclusions. use examples from forest, marine, and agricultural systems to show how modeling of these systems can be used to represent linkages across different scales and between subsystems. Two of the applications are drawn from Canadian case studies whilst the third relates to work on biodiversity conservation in the Eyre Peninsula, South Australia. The models presented in this paper are hybrids that integrate the use of GIS with agent-or individual-based approaches in which the basic modeling units are entities such as individual stakeholders, individual animals or plants, or highly resolved landscape units. Simulations then focus on processes "from the bottom up" that can reflect collective actions and capture the characteristics of complex systems by drawing on Ostrom's (2009) conceptual framework for describing and analyzing social-ecological systems.
The examples include a forest-based model, testing the effect of different management plans on long-term evolution of animal populations in the context of the activities of logging companies in the Côte-Nord region of Quebec. In the Saint Lawrence Estuary in Quebec a model was used to explore responses to management that must balance the natural resources of the main ecosystems, marine life, and tourists. The third model explores the resilience and adaptive capacity of the Eyre Peninsula region in face of various challenges. It encompasses a network of interactions between governance system agencies and users, and was developed using information gathered from key informants in interviews. Satellite remote sensing is used to gather data on distribution of native vegetation, and location of farms is also plotted. Hence, this is a coupled social-ecological network in which different types of change can be modeled and "what if" scenarios explored. The model's incorporation of "bottom up" and non-linear information enables it to focus on questions difficult to answer with more standard methods. This is characteristic of all three case studies presented by whose arguments champion both the bottom up component and modeling of interactions between social and ecological systems. The participatory component of bottom up is deemed to be crucial to the models' effectiveness and enables multiple perspectives to be incorporated (e.g. Prell et al. 2007) . The paper also champions the notion of establishing "envelopes" of probable future states (Parrott and Meyer 2012) in which decision-making and policies are designed to maintain the landscape within a desired range or envelope. Thackway et al. (2013) use modeling to examine NRM decision-making for two case studies involving management of fire and soil erosion. The key to the model is use of satellitebased time series information that provides data on dynamic changes in land cover. It is argued that these data sets are crucial in any framework for managing information needs of NRM decision-makers, with multitemporal image products having major advantages over single images when it comes to investigating land cover, which can change constantly even from day to day. The paper advocates combining imagery from multiple satellites with field-based data in the form of a fivestep approach, which introduces biophysical information to add value to the imagery. Using case studies from northern Australia and the Australian rangelands, the paper illustrates the effectiveness of combining information as advertised for use by national policy decision-makers, regional reporting decision-makers and land managers. It also acknowledges that decision-makers need information at key decision points in time and that a full suite of relevant data needs to be provided in timely and succinct form to properly support decisionmaking processes. This is a key challenge for government at all levels and research organizations to meet. Paterson and Bryan (2012) tackle an issue that has been of growing concern over the past decades, namely the impact on landscape and NRM caused by policies designed to produce environmental benefits in conjunction with maintenance of http://www.ecologyandsociety.org/vol18/iss1/art32/ productive farming and forestry. Such policies have been widespread from the mid-1980s in the European Union, following the creation of Environmentally Sensitive Areas (Hanley et al. 1998 , Wilson et al. 2007 , and in the United States, where the Conservation Reserve Program (Rao et al. 2007 , Sullivan et al. 2004 ) and farmland preservation schemes have a long history (Dorfman et al. 2009, Hellerstein and Nickerson 2002) . In recent years such measures have increasingly been linked directly to policy on climate change, and especially reductions in production of greenhouse gas emissions (Palm et al. 2010) . In this paper the effects of payments on the adoption of reforestation in agricultural areas is investigated, examining a scheme aimed at promoting carbon sequestration. However, this reduces the amount of land available for agricultural production and so may lead to reduced output and rising food prices. Hence there needs to be a food-carbon trade-off , which can be quantified using either scenario analysis or modeling of the efficiency of land-use combinations for spatially explicit land use arrangements (Nelson et al. 2009 , Polasky et al. 2008 ).
Working in the lower reaches of Australia's Murray-Darling Basin, Paterson and Bryan (2012) quantified food-carbon trade-off curves at a landscape scale employing two commonly used market-based carbon policy instruments, namely payments per tonne and payment per hectare. Their analysis reveals that large areas of agricultural land could become more profitable as carbon sinks even with relatively modest carbon prices. However, this depends on a number of assumptions made in the calculations and so it is not reliable to extrapolate directly to predictions of reforestation under a carbon market. It does reveal, though, that efficient policy design can introduce reforestation to sequester significant amounts of carbon with minimal impacts on overall agricultural output. Variations in impact and both positive and negative outcomes associated with payment per tonne and payment per hectare are examined. The limitation of this work is that it focuses on economic profitability only, which the authors note may not be the only consideration of landholders. Hence decisionmaking factors need to be addressed to better understand likely responses to further policy initiatives promoting reforestation. Moreover, there are other cobenefits and trade-offs that could be addressed, such as reduced soil erosion, energy security, and regional development.
CONCLUSION
The papers in this collection provide a window into the state of the art of landscape science, and especially its practice in Australia. In broad terms they collectively demonstrate that in order to develop policy that can produce future landscapes capable of meeting multiple goals and satisfying demands from various stakeholders the inputs from a broad spectrum of disciplines need to be incorporated. Yet this multiplicity needs to extend beyond academe to inputs from land managers and communities affected by policy so that participation in the research process and in formulating policy can encompass a wide variety of individuals and groups. This means that scientists' preference for reliance on "hard" data and numerically-based models has to be tempered by allowance for other inputs to models and landscape analysis. This provides scope for some of the innovative approaches utilized in the papers herewith, including participatory action research and the incorporation of qualitative data as an integral component of analysis. In future research there must also be a greater awareness of the need to engage directly with policymakers. This can be achieved by having policy-makers embedded within the research process rather than as recipients of research findings or as commentators on modeled scenarios. Carefully thought out designs that incorporate knowledge exchange between stakeholders must be part of a new paradigm in which researchers take responsibility for engaging with policy-makers and politicians in ways that can break down traditional barriers and entrenched mindsets. Given the rapidity with which landscape science has evolved in the past two decades there can be much hope that such paradigm shifts and new frameworks within which landscape science research develops can be achieved.
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